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1. Introduction
During last few years many different solutions have been studied in string field the-
ory [1]. These solutions include tachyon vacuum and lump solutions (For review
and extensive list of references, see [2, 3, 4].) and solutions representing marginal
deformations [5, 6]. Other remarkable solutions have been studied recently in pa-
pers [13, 14]2. And recently there were also many papers published regarding to
the string field theory formulated around closed string vacuum (See, for example
[21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34].)
In our recent paper [18] we have suggested possible exact solutions of the Berkovits
superstring field theory [7, 8, 10]. Then we have extended our approach to the open
bosonic string field theory [1] as well. In this paper we will continue our study.
We present two solutions that correspond to the marginal deformation of the theory
describing single D0-brane. The first solution corresponds to the translation in the
target space orthogonal to D0-brane. Since we presume that our D0-brane lives in
flat space-time its position should be irrelevant for its description. On the other
hand, since D0-brane can be regarded as a defect that breaks Poincare invariance,
we will see that there exist nontrivial solution. Our strategy is as follows. We use
the fact that closed string theory is invariant under Poincare transformations which
2As we will see the solution given in [13] has a lot of common with the solution given in this
paper.
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are broken by boundary conditions in the open string case describing D0-brane).
Then we can construct generator of the translation that does not commute with the
open string Hamiltonian thanks to Dirichlet boundary conditions, but can serve as
a generator of translation that shifts position of D0-brane. We will see that this
is really this case. Following our general discussion given in [18] and reviewed in
section (2) we will construct solution of the open string field theory corresponding
to this marginal deformation. We will see that in case of small marginal parameter
the BRST operator changes exactly in the same way as we can expect from CFT
analysis with accord with the very nice analysis performed in [35]. Then we will
discuss possible form of the string field redefinition and we will show that after this
redefinition fluctuation fields are the same as the original one as a consequence of
the invariance of our configuration under translation.
Then we will extend our solution to the case of finite marginal deformation. We
will see that in this case the BRST operator obtains additional term which is not
expected from the CFT analysis [36]. At present we do not understand why such a
term emerges. However we can still argue that thanks to the form of the new BRST
operator we can perform such a field redefinition that maps the new BRST operator
to the original one and string field describing the fluctuation around new solution
has the same form as the original one thanks to the translation invariance of this
configuration.
As the second example we present rotation of the D0-brane in the target space.
As in previous case, Dirichlet boundary conditions break this rotation invariance
hence we can expect that the generator of rotation does not commute with the BRST
operator and hence we can get nontrivial solution. We will also discuss the problem
of the field redefinition and we will argue that in this case the field changes since
generator of rotation acts non trivially on tensor indexes of various string states,
however thanks to the invariance of the bulk part of the BRST operator under
rotation we will argue that the physical spectrum is the same. Again this can be
interpreted as a trivial consequence of the isotropy of the target space.
In conclusion we outline our results and suggest possible extension of our re-
search.
2. Solutions of open bosonic string field theory
As we claimed in the introduction we restrict in this paper to the case of the bosonic
open string field theory [1] since generalization to the Berkovits’ superstring field
theory [7, 8, 10] is straightforward. This section mainly reviews results given in our
previous paper [18].
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The string field theory (SFT) action has a form 3
S =
1
2
∫
Φ ⋆ Q(Φ) +
1
3
∫
Φ ⋆ Φ ⋆ Φ . (2.1)
Variation of the action leads to the equation of motion
Q(Φ) + Φ ⋆ Φ = 0 . (2.2)
According to the standard procedure let us consider the expansion of the string field
around any solution of the equation of motion (2.2) Φ0
Φ = Φ0 +Ψ . (2.3)
After inserting (2.3) into (2.1) and using (2.2) we obtain SFT action for Ψ that has
the same form as the original one (2.1)
S =
1
2
∫
Ψ ⋆ Q˜(Ψ) +
1
3
∫
Ψ ⋆Ψ ⋆Ψ (2.4)
however with the modified BRST operator
Q˜(X) = Q(X) + Φ0 ⋆ X − (−1)
|X|X ⋆ Φ0 , (2.5)
where X is any string field of ghost number |X|. Let us now presume that the new
BRST operator Q˜ can be written as [18]
Q˜(X) = e−K
(
Q(eK(X))
)
, (2.6)
where K is an operator of ghost charge equal to zero that obeys following rules
[20, 26]
K(X ⋆ Y ) = K(X) ⋆ Y +X ⋆ K(Y ),∫
K(X) ⋆ Y = −
∫
X ⋆ K(Y ) .
(2.7)
In order to have a well defined string field theory for fluctuation field Ψ, Q˜ must
obey following axioms [1]
Q˜2 = 0 ,
Q˜(X ⋆ Y ) = Q˜(X) ⋆ Y + (−1)|X|X ⋆ Q˜(Y ) , ∀X, Y ,∫
Q˜(X) = 0 , ∀X ,
(2.8)
3For very nice recent reviews of string field theory, see [2, 3, 4].
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where X, Y are arbitrary string fields of ghost numbers |X| and |Y | respectively.
Firstly, we can easily show that
Q˜2 = e−KQeKe−KQeK = e−KQ2eK = 0 (2.9)
since the original BRST operator Q obeys (2.8) by definition. We also have
Q˜(X ⋆ Y ) = e−K
[
Q
(
eK(X ⋆ Y )
)]
= e−K
[
Q
(
eK(X) ⋆ eK(Y )
)]
=
= e−K
[
Q
(
eK(X)
)
⋆ eK(Y ) + (−1)|X|eK(X) ⋆ Q
(
eK(Y )
)]
=
= e−K
[
Q
(
eK(X)
)]
⋆ e−KeK(Y ) + (−1)|X|e−KeK(X)e−K
[
Q
(
eK(Y )
)]
=
= Q˜(X) ⋆ Y + (−1)|X|X ⋆ Q˜(Y ) ,
(2.10)
where we have used
eK(X ⋆ Y ) = eK(X) ⋆ eK(Y ), e−K(X ⋆ Y ) = e−K(X) ⋆ e−K(Y ) , (2.11)
which follows from (2.7). We can also easily see that (2.6) obeys the third axiom in
(2.8)
∫
Q˜(X) =
∫
e−K
[
Q
(
eK(X)
)]
⋆ I =
∫
Q
(
eK(X)
)
⋆ eK(I) =
∫
Q
(
eK(X)
)
= 0 ,
(2.12)
where I is ”identity”, the ghost number zero field (For recent discussion of some
properties of this field, see [9, 16].) which is defined as
I ⋆ X = X ⋆ I = X , ∀X . (2.13)
Then we have
K(X) = K(I ⋆ X) = K(I) ⋆ X + I ⋆ K(X) = K(X)⇒ K(I) = 0 (2.14)
and consequently
e−K(I) = eK(I) = I . (2.15)
We have shown that the new BRST operator Q˜ given in (2.6) obeys all axioms
(2.8). Now we must find such a solution of the equation of motion (2.2) that leads
to this proposed form of the BRST operator (2.6). It is easy to see that the field [18]
Φ0 = e
−KL(I) ⋆ Q(eKL(I)) (2.16)
is desired solution of the equation of motion (2.2) since we have
Q(Φ0) = Q(e
−KL(I) ⋆Q(eKL(I))) = −e−KL(I) ⋆Q(eKL(I)) ⋆ e−KL(I) ⋆Q(eKL(I)) (2.17)
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and
Φ0 ⋆ Φ0 = e
−KL(I) ⋆ Q(eKL(I)) ⋆ e−KL(I) ⋆ Q(eKL(I)) . (2.18)
with K obeying (2.7) and where K is split in two parts according to [11] K =
KL +KR. It can be shown [18] that the solution (2.16) leads to the BRST operator
(2.6). As was argued in [18] we can perform field redefinition
Ψ = e−K(Ψ˜) (2.19)
that leads to the string field theory action for fluctuation field Ψ˜ with the BRST
operator of the same form as the original one Q and the string field Ψ˜ now describes
open string theory defined around the new background configuration (For more de-
tailed and extensive discussion of the string redefinition in the string field theory we
again recommend very nice and seminal paper [35].).
In the next two sections we will continue our study and give two examples of the
solutions reviewed above.
3. Translation of D0-brane
In this section we will describe solution of the string field theory equation of motion
corresponding to the small translation in the target space. We will see that for
small value of the marginal parameter aI , I = 1, . . . , 25 we obtain such a form of the
deformed BRST operator as we will get from the perturbation of the open string
Lagrangian with the marginal operator. According to the general method outlined
in the previous section we will perform string field theory redefinition that maps the
new BRST operator to the original one and the old string field to the new string
field describing fluctuation around new configuration. However thanks to the fact
that our solution corresponds to the translation of a single D0-brane in the target
space, it is clear that the Hilbert spaces of the original and final configuration must
be isomorphic. We will confirm explicitly this conclusion very easily using the fact
that the generator of the translation in the target space acts trivially on the string
state describing fluctuation of D0-brane since these states carry zero momentum
in the transverse direction. Then in the next section we will construct solution
corresponding to the finite translation where we will see some subtle facts that are
not completely clear to us at present.
For the beginning we will review well known facts about conserved charges in
the bosonic string theory, following [19]. Let us consider an action for the free string
[19]
S = −
1
4πα′
∫
d2σηαβ∂αX
µ∂βX
νηµν , (3.1)
where ηαβ is two-dimensional Minkowski metric with signature ηαβ = diag(−1, 1)
and ηµν is 26-dimensional Minkowski metric in the target space-time with signature
5
(−,+, . . . ,+). Let us suppose that this action describes string ending on D0-brane.
In other words, on the boundary of the world-sheet we have Neumann boundary
condition for X0 and Dirichlet boundary condition for XI , I = 1. . . . , 25, where the
boundary of the world-sheet is at the points σ = 0, π. Now it is easy to see that
this boundary conditions break Poincare symmetry under translation, which from
the point of view of two dimensional world-sheet theory is global symmetry that acts
on the string coordinate Xµ(σ) as
δXµ = ǫµ . (3.2)
Since D0-brane is placed in the point XI = 0 it is clear that the variation of XI
is equal to zero δXI = 0 on the boundary of the world-sheet which leads to the
breaking of the Poincare invariance. This seems to be natural fact since D0-brane can
be regarded as a defect in the target space. As a result, we cannot define conserved
generator of translation PI that commutes with the world-sheet Hamiltonian. On
the other hand, PI is the symmetry generator of closed string theory and can be
determined using Noether’s method [19] as follows. Since the string action (3.1) is
invariant under variation δXµ = ǫµ we now presume that ǫ is a function of σ, τ . Then
we have
δS = −
1
2πα′
∫
d2σηαβ∂αX
µ∂βδX
νηµν = −
1
2πα′
∫
d2σηαβ∂αX
µ∂βǫ
νηµν ⇒
⇒ ∂α
(
1
2πα′
ηαβ∂βX
µηµν
)
= 0 = ∂α(η
αβPβν) = 0 , Pβµ =
1
2πα′
∂βX
νηνµ .
(3.3)
Then we have conserved quantity (In case of closed string or an open string obeying
Neumann boundary conditions.)
Pµ = i
∫ pi
0
dσP0µ =
i
2πα′
∫ pi
0
dσX˙νηνµ , ∂τX = X˙, ∂σX = X
′ . (3.4)
Since Xµ(σ) is canonical coordinate we obtain from the action (3.1) its canonical
conjugate momentum
P0µ(σ) =
δL
δX˙µ(σ)
=
1
2πα′
X˙ν(σ)ηνµ (3.5)
with the following commutation relation
[P0I(σ), X
J(σ′)] = −iδD(σ, σ
′)δJI , (3.6)
where δD(σ, σ
′) is a delta function that obeys Dirichlet boundary conditions so that
can be written as 4
δ(σ, σ′) =
1
π
∞∑
n=−∞
sin nσ sinnσ′ . (3.7)
4More information about delta function can be found in Appendix.
6
Using (3.6) we can calculate commutator
[H,PI ] =
[
1
4πα′
∫ pi
0
dσ((2πα′)2P 20 (σ) +X
′(σ)2), i
∫ pi
0
dσ′P0I(σ
′)
]
=
= −
1
2πα′
∫ pi
0
dσ
∫ pi
0
dσ′∂σδD(σ, σ
′)δKI X
′
K(σ) =
1
4πα′
∫ pi
0
dσ(δN(σ, π)− δN(σ, 0))X
′
I(σ) ,
(3.8)
where we have used (7.5). We see that in the case of the string obeying Dirichlet
boundary conditions the upper commutator is nonzero which is a consequence of
the breaking of Poincare invariance with D0-brane background. On the other hand,
open string with Neumann boundary conditions obeys X ′(σ)|pi0 = 0 so that the upper
commutator is equal to zero and hence there is conserved charge Pµ.
Let us consider K in the form
K = aµPµ =
ai
2πα′
∫ pi
0
dσX˙1 , aµ = (0, a, 0, . . . , 0) . (3.9)
It is easy to see, using contour arguments as in [2, 11] that K given in (3.9) obeys all
conditions (2.7) We can also prove that K obeys (2.7) using the fact that its action
on any string field X can be defined as follows
K(X) = KL(I) ⋆ X −X ⋆ KR(I) = I ⋆ KR(X) +KL(X) ⋆ I = K(X) (3.10)
and operators of this form, as was reviewed recently in [26] and can be proved very
easily, obey (2.7).
Let us start with situation when a << 1 so that we have
Φ0 = e
−KL(I) ⋆ Q(eKL(I)) ∼ (I −KL(I)) ⋆ Q(I +KL(I)) = Q(KL(I)) . (3.11)
We can write (3.11) as
Φ0 = Q(KL(I)) = QL(KL(I)) +QR(KL(I)) =
= QL(KL(I)) +KL(QR(I)) = QL(KL(I))−KL(QL(I)) = [QL, KL](I)
(3.12)
using [11]
QL(I) = −QR(I) (3.13)
and
QR(KL(I)) = I ⋆ QR(KL(I)) = −QL(I) ⋆ KL(I) =
= QL(I) ⋆ KR(I) = −KL(QL(I)) ⋆ I = −KL(QL(I)) .
(3.14)
Let us define
Φ0 = DL(I) = [QL, KL](I) . (3.15)
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Then the new BRST operator Q′ has the form
Q′(X) = Q(X) +DL(I) ⋆ X − (−1)
|X|X ⋆ DL(I) = [Q−D](X) (3.16)
using
DL(I) ⋆ X = −I ⋆ DR(X) = −DR(X) ,
−(−1)|X|X ⋆ DL(I) = (−1)
|X|X ⋆ DR(I) = −DL(X),
DL(X) ⋆ Y = −(−1)
XX ⋆ DR(Y ) .
(3.17)
The last formula can be proven in the same way as in [11]. Let us calculate the
commutator [Q,K]. Since we have
Q =
1
π
∫ pi
0
dσJ0(σ) =
1
π
∫ pi
0
dσcα(σ)Tα0(σ) +Qghost =
=
1
π
∫ pi
0
dσ
[
c0
1
2
(
X˙2 +X ′2
)
+ c1X˙X ′
]
+Qqhost ,
(3.18)
where Qqhost denotes the pure ghost part of the BRST operator which is not impor-
tant for our calculation and T0α is the matter stress energy tensor. We see that we
must calculate following commutators
[T00(σ), P (σ
′)] =
1
2
[X ′2(σ), P (σ′)] = i∂σδD(σ, σ
′)X ′(σ) , (3.19)
[T10(σ), P (σ
′)] = [X˙(σ)X ′(σ), P (σ′)] = iX˙(σ)∂σδD(σ, σ
′) , (3.20)
where we have used the notation
P01(σ) = P (σ), X
1(σ) = X(σ) . (3.21)
Then we can write
D = [Q,K] =
ai
π
∫ pi
0
dσ
∫ pi
0
dσ′[J0(σ), P (σ
′)] =
=
ai
π
∫ pi
0
dσ
∫ pi
0
dσ′
[
c0(σ)[T00(σ), P (σ
′)] + c1(σ)[T10(σ), P (σ
′)]
]
=
=
ai
π
∫ pi
0
dσ
∫ pi
0
dσ′
[
c0(σ)i∂σδD(σ, σ
′)X ′(σ) + ic1(σ)∂σδD(σ, σ
′)X˙(σ)
]
=
=
a
π
∫ pi
0
dσ
[
c0(σ)X ′(σ)(δN (σ, π)− δ(σ, 0)) + c
1(σ)X˙(σ)(δN(σ, π)− δN(σ, 0))
]
=
=
a
π
∫ pi
0
dσ
[(
c+∂+X − c
−∂−X
)
(δN(σ, π)− δN (σ, 0))
]
,
(3.22)
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using (7.5) and also where we have used the notation
σ+ = τ + σ, σ− = τ − σ ,
∂+ =
∂
∂σ+
=
1
2
(
∂
∂τ
+
∂
∂σ
), ∂− =
∂
∂σ−
=
1
2
(
∂
∂τ
−
∂
∂σ
) ,
c+ = c0 + c1 , c− = c0 − c1 ,
c+∂+X − c
−∂−X =
1
2
[
(c0 + c1)(X˙ +X ′)− (c0 − c1)(X˙ −X ′)
]
=
=
1
2
[c0X˙ + c0X ′ + c1X˙ + c1X ′ − c0X˙ + c0X ′ + c1X˙ − c1X ′] = c0X ′ + c1X˙ .
(3.23)
From (3.16) and (3.22) we can conclude that our solution leads to the deformation
of the stress energy tensor 5
T ′++ = T++ − ∂+X(δN(σ, π)− δN(σ, 0)) , T
′
−− = T−− + ∂−X(δN(σ, π)− δN(σ, 0)) ,
(3.24)
using
T++ =
1
2
(T00 + T10) , T−− =
1
2
(T00 − T10) ,
c+T++ + c
−T−− = c
0T00 + c
1T10 .
(3.25)
In other words, our solution corresponds to the marginal deformation of the world-
sheet theory in precise the same way as in [35].
Now we can ask the question of the field redefinition. Recall, that according to
our general discussion in section (2) we know that after suitable field redefinition the
new BRST operator Q′ is mapped to the original BRST operator Q and the new
string field is given as
Ψ˜ = eK(Ψ) . (3.26)
The operator K acts trivially on all original fields Ψ since all string states corre-
sponding to the string living on D0-brane do not carry momentum in the transverse
directions and hence are invariant under the translation. This is the result that we
can expect since our solution should not depend on one particular position of D0-
brane in the transverse space. However as we will see on the solution corresponding
to the rotation that open string states transform non trivially as a consequence of
their nontrivial tensor structure.
Now let us turn to the problem of the finite translation using our general pre-
scription given in the (2) section.
5Similar construction appeared in case of relevant perturbation in [17].
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4. Finite translation
Let us consider the case of finite deformation where the solution is given as
Φ0 = e
−KL(I) ⋆ Q(eKL(I)) . (4.1)
In order to calculate Φ0 we define following function [12]
F (t) = e−KL(I)t ⋆ Q(eKL(I)t) ,Φ0 = F (1) (4.2)
so that
F (1) = F (0) +
∞∑
n=1
1
n!
dnF (0)
dnt
, (4.3)
where [12]
dnF (t)
dtn
= e−tKL(I) ⋆ [[Q(KL(I)), KL(I)], . . . , KL(I)] ⋆ e
KL(I)t, n > 1,
F (0) = Q(I) = 0 ,
dF (0)
dt
= Q(KL(I)) = [Q,K]L(I) .
(4.4)
We see that we must calculate commutators given in (4.4). The first commutator
was calculated in the (3) section with the result (3.22)
[Q,K] =
a
π
∫ pi
0
dσ
[(
c+∂+X − c
−∂−X
)
(δN (σ, π)− δN(σ, 0))
]
. (4.5)
Next term is equal to
d2F (0)
d2t
= −KL(I) ⋆ [Q,K]L(I) + [Q,K]L(I) ⋆ KL(I) = −[[Q,K], K]L(I) = EL(I)
(4.6)
and consequently we obtain (Up to the second order, we will see that commutators
of higher order vanish.)
Q′(Ψ) = (Q−D)(Ψ) +
1
2
EL(I) ⋆Ψ− (−1)
|Ψ|1
2
Ψ ⋆ EL(I) =
= (Q−D)(Ψ)−
1
2
I ⋆ ER(Ψ)−
1
2
EL(Ψ) ⋆ I =
(
Q− [Q,K] +
1
2
[[Q,K], K]
)
(Ψ) ,
(4.7)
where
[[Q,K], K] =
[
a
π
∫ pi
0
dσ
{
c0(σ)X ′(σ)(δN(σ, π)− δN(σ, 0))
}
, ia
∫ pi
0
dσ′P (σ′)
]
=
= −
ia2
π
∫ pi
0
dσ
∫ pi
0
dσ′
[
c0(σ)∂σiδD(σ
′, σ)(δN(σ, π)− δN (σ, 0))
]
=
= −
a2
π
∫ pi
0
dσ
[
c0(σ)(δN(σ, π)− δN(σ, 0))
2
]
.
(4.8)
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Now it is clear that commutators of higher order vanish and we obtain the final form
of the shifted BRST operator
Q′ = Q−
a
π
∫ pi
0
dσ
[(
c+∂+X − c
−∂−X
)
(δN (σ, π)− δN(σ, 0))
]
+
+
a2
4π
∫ pi
0
dσ
[
(c+ + c−)(δN(σ, π)− δN (σ, 0))
2
]
.
(4.9)
We see the remarkable fact that the deformation of the BRST operator is the same
as in the CFT description [35, 36] in case of the matter sector, however we also
see that there is an additional term which is in fact singular on the boundary and
which contains the ghost fields only. At present, we do not completely understand
reasons and meanings of this term, it is possible that more detailed analysis performed
according to the paper [35] will explain emergence of this term. We will return to
this question in future work.
However in spite of the fact that we have such a unusual additional term, we
can still see that according to the general construction given in the (2) section after
performing field redefinition with the operator K the new BRST operator (4.9) is
mapped to the original one and the original string field Ψ maps as follows
Ψ˜ = eK(Ψ) = Ψ (4.10)
which is again consequence of the fact that any string field does not carry momentum
in the transverse dimensions and hence are invariant under the action of eK .
In this section we gave an example of the exact string field theory solution
corresponding to the translation of D0-brane in the transverse space. We have seen
that this solution is in some sense very simple since the string field theory description
of D0-brane should not depend on the position of D0-brane in the transverse space.
On the other hand, as was argued in [5, 6, 35] problem of marginal deformation is
quiet nontrivial in the context of the string field theory so that we believe that our
approach could be helpful in further study of the string field theory. In the next
section we give the second example corresponding to the rotation of the D0-brane
position in the transverse space.
5. Solution corresponding to the rotation in the transverse
space
Let us consider D0-brane that is localized in any point in the transverse space with
coordinates Y I , I = 1, . . . , 25 and consider solution of the string field theory equation
of motion that corresponds to the rotation of this D0-brane. As in previous example
given in (3) section Dirichlet boundary conditions explicitly break rotation invariance.
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However we can still expect that the theory should not depend on the position of D0-
brane in the transverse space. Let us consider following transformation of coordinates
δXI = ωIJX
J , ωIJ = const . (5.1)
It is easy to see that the world-sheet Lagrangian is invariant under this transforma-
tion. Then the generator of rotation symmetry is given [19]
M IJ = i
∫ pi
0
dσJ0IJ =
i
4πα′
∫ pi
0
dσ(XIX˙J −XJX˙I) . (5.2)
Let us consider string field
Φ0 = Q(ωIJM
IJ
L (I)) = DL(I); DL = [Q, ωIJM
IJ ]L . (5.3)
It is clear that Φ0 solves the linearised equation of motion Q(Φ) = 0 thanks to the
nilpotence of Q. As in previous case the new BRST operator can be written as
Q′ = Q−D ,D = [Q, ωIJM
IJ ] = [Qbound, ωIJM
IJ ] ,
Qbound = −
1
π
∫ pi
o
dσc0(σ)Y KηKLX
′L(σ)(δN (σ, π)− δN(σ, 0)) .
(5.4)
where we have used manifest rotation invariance of the bulk part of the BRST
operator. We have also included into bulk BRST operator the term proportional
YIY
Ic0(σ)(δN(σ, π)− δN(σ, 0))
2 that is manifestly invariant under rotation as well.
We have to say a few words to the fact that we have introduced boundary term
Qbound. As we argued in the previous section we can perform field redefinition and
transform the BRST operator Q + Qbound to the original one Q and we have seen
that the new string field is the same as the original one, which was a consequence of
the fact that D0-brane physics in trivial background does not depend on D0-brane
position in the transverse space. In the same way we could start with D0-brane in
the position Y I = 0 and consequently it would not have a sense to speak about
the solution of the string field equation of motion corresponding to the rotation of
D0-brane. However we would like to illustrate on this example an application of the
general method given in (2) section to generate solution of the equation of motion
hence we have introduced the boundary term in the BRST operator that reflects the
fact that D0-brane is placed in the position Y I . We will perform more interesting
calculation in case ofN D0-branes in separate paper. It is easy to perform calculation
of the commutator with the result
[Qbound, ωIJM
IJ ] = −
1
π
∫ pi
0
dσc0(σ)Y IωIJX
′J(σ)(δN (σ, π)− δN(σ, 0)) . (5.5)
As a result, the new BRST operator Q′ is
Q′ = Q−D = Qbulk−
1
π
∫ pi
0
dσc0(σ)Y I(ηIJ+ωIJ)X
′J(σ) (δN(σ, π)− δN(σ, 0)) , (5.6)
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We see that our solution corresponds to the rotation in the transverse space to the
new Dirichlet boundary conditions
Y ′K = Y I(δKI + ωIMη
MK) = (δKI − η
KMωMI)Y
I . (5.7)
It is a simple exercise to generalize previous solution to the case of finite rotation.
Then we obtain
Φ0 = e
−KL(I)⋆Q
(
eKL(I)
)
= −
∞∑
n=1
1
n!
[K, [K, . . . , [K, [K,Q]], . . .]L(I) = DL(I) (5.8)
so that the new BRST operator is equal to
Q′ = Qbulk +Qbound −D = Qbulk +Q
′
bound
Q′bound = −
1
π
∫ pi
0
dσc0(σ)Y IΛIJX
′J(σ) [δN (σ, π)− δN(σ, 0)] ,
ΛIJ =
∞∑
n=0
1
n!
(ω)nIJ , , (ω)
2
IJ = ωIKη
KLωLJ , . . . ,
(5.9)
where we have used
[K, [K,Q]] = [
1
π
∫ pi
0
dσc0(σ)Y IωIJX
′J(σ)(δN(σ, π)− δN (σ, 0)), ωKLM
KL] =
=
1
π
∫ pi
0
dσc0(σ)[δN (σ, π)− δN(σ, 0)]Y
IωIJη
JLωKL∂σ
∫ pi
0
dσ′δD(σ
′, σ)XK(σ′) =
=
1
π
∫ pi
0
dσc0(σ)Y IωIJη
JLωLKX
′K(σ)[δN(σ, π)− δN (σ, 0)]
(5.10)
so that
D =
1
π
∫ pi
0
dσ
∞∑
n=1
1
n!
Y I(ωn)IJX
′J(σ)[δN(σ, π)− δN(σ)] . (5.11)
We see that the new boundary term Q′Bound corresponds precisely to the situation
where D0-brane is placed in the points Y ′I . Following our general discussion in (2)
section we can perform the field redefinition that maps the new BRST operator Q′
to the original one Q and the original field is mapped to
Ψ′ = eK(Ψ) . (5.12)
In this case however the new field Ψ′ will differ from the field Ψ since various compo-
nents can carry different tensor components and hence K acts non trivially on these
string states. Following standard methods [19] it is a simple task to obtain the new
form of these fields. We will not repeat this calculation here.
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6. Conclusion
In this paper we have presented two examples of the classical solution of the open
bosonic string field theory, following our general discussion given in paper [18]. We
have seen that this method gives an expected result in case of small marginal de-
formation corresponding to translation in transverse space to the world-volume of
D0-brane, however we have seen that in the case of finite translation there is ad-
ditional term that contains only ghost contribution and is in fact singular on the
boundary of the world-sheet. At present we do not precisely understand nature of
this term. It is possible that it can be avoided by careful CFT calculation, following
[35]. We are going to make such a calculatin. On the other hand, we have argued that
with the appropriate string field redefinition we can map the new BRST operator to
the original one and hence we can easily avoid the problems with this term.
To sum up, we hope that our approach gives a new view on the problem of the
marginal deformation in the open string field theory. We also believe that in more
interesting examples, such as a marginal deformation of the configuration of N D0-
branes, our approach could be very useful. We return to this problem in our future
work.
Of course, our approach is far more complete. As we claimed above, it would be
nice to prove detailed analysis based on conformal field theory techniques, following
seminal paper [35]. Again we hope to return to this problem in our future research.
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7. Appendix
In this appendix we will discuss some properties of the delta function 6
δ(σ, σ′)D =
1
π
∞∑
n=−∞
sin nσ sinnσ′ . (7.1)
that obeys Dirichlet boundary conditions
δ(σ, π)D =
1
π
∞∑
n=−∞
sinnσ sinnπ = 0, δ(σ, 0)D = 0 . (7.2)
6For very nice discussion, see paper [13].
14
It is easy to see that for any function obeying Dirichlet boundary condition
f(σ) =
∞∑
m=−∞
fm sinmσ (7.3)
we get
∫ pi
0
dσf(σ)δD(σ, σ
′) =
1
π
∑
m,n
∫ pi
0
fm sinmσsinnσ sinnσ
′ =
=
1
π
∑
m,n
∫ pi
0
dσ
1
2
[cos(m− n)σ − cos(m+ n)σ] sin nσ′ =
∞∑
m=−∞
fm sinmσ
′ = f(σ′) .
(7.4)
For our purposes it is also very important following formula
∫ pi
0
dσ′∂σδ(σ, σ
′)D =
∫ pi
0
dσ′
∑
n
n
π
cosnσ sin nσ′ =
= −
∑
n
n
π
cos nσ
1
n
(cos(nπ)− cos(n0)) = −(δN (σ, π)− δN(σ, 0)) ,
(7.5)
where the delta function obeying Neumann boundary conditions is defined as
δ(σ, σ′) =
1
π
+
1
π
∞∑
n=−∞,n 6=0
cos nσ cos nσ′ . (7.6)
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